0U| ‘UBIV 1.861.® 


20 - pue to- 1-0960 P uo|»oes 
JOJBJ9U0Q oapj/v 

maxmaa saiouaisv 
V ®P!S ‘z jbbiis 


Auedwoo suonoDiunujuuoo joujb^ v 

iaviv 


T 


UO! JBJOdJOD 9LU UiOJJ UOjSSIUlJed U0UUM JO 

pauuaajBe uauuM Xq ssa|un joojagi jeueiu pafqns eg) 
jo pepejB $( BujMejp sjgi aonpojdaj oi ig6u ou ‘asuaoii 
uauuM s.uogBJOdJOD agi japun ajnpejnuew joj pue 
‘ oui ‘ueiv *o sjopuaA Xq ajnpejnuew joj ideoxg joajagi 
ped Xue jo BmMejp sigi aonpojdaj o\ pBu Xue jou 
‘ uoajagi u«ogs uogeujjop! poiugoa) jo uBpep Xue jo But 
-MBjp agi jo jauBuJ palqns agj ‘asn o\ asuaoii jo ‘m jg6jj 
Xue sjojsubji jo sjajuoo joajagi uopsassod jou jdpoaj 
jagpau pue ‘panssi Xneuogipuoo X|uo s\ 6uimbjp s;gx 
VO ‘a|BAXuuns ‘ oui ‘jjejv i'o uoissiuijad ubjujm ogpeds 
agj jnogiiM ueppiqjoj uotpnpojdeu :*lVllN3(3ldNOO 
DNIMVUQ SIH1 ONIAI303U SNOSUBd 11V 01 30I10N 


(P!|ba weaq) aiAa ‘jndjno S|xe ; 
oi jaqja6oj pajeB pue (old) paqojei aje sjaxa|d|j|niu jajunc 
pue -x am wojj sjndjno (pmba a pue x) OHAA Pub ( 
•punojedejAA oj ji 6u!AA0||e jo pes 
am uo apis ajeudojdde aqj uo uueaq aqj 6u|daa>| snq 
lie jo sojaz ne 6 upjoj ‘sova sm oj sjaxaidmnw am ujo 
oj 31-XOVaiMNn sjoaps smi 0 ueqj ssai jo gZ 0J ueqj jajE 
aqj uaqM qb|q saoB U-XOVOWNfl wojj jndw paps ; 
am ‘punojedejAA e juaAajd ox uouipuoo ..punojedejAA 
am jo apis jjai aqj uo U|e6e jjejs pue uaajos aqj jo ap 
jjo 06 pinoAA uueaq jojiuouj aqj ‘zzQi ueqj jajeaj6 sbaa |eu 
njqj l-XOVO SMJ J! ‘ajojajaqx zzOl s| jq6u jbj aqj puB ‘z 
aqj ‘o si uaajos jojiuouj aqj jo jja| jbj aqx \iojiuow aqj uo 
juaujaoeid |eo|sAqd aqj juasajdaj sjndjno OJXOVO P u b L) 
•jndjno oap|A x aqj u| (sqvq) sjajjaAuoo Boibub-oj-ibjiBif 
aje s|euB|S OJXOVO njqj JXOVO 341 '(Ajjinojjo >pop jaji 
aqj ujojj) >pop zhjn- 9 aMJ jo aBpa Bwsu qoea uo sjaxi 
jo jndjno aqj je pejojs pue pajjajsuejj aje (sieuBjs jajja, 
-oj-|ej!6ip paxaiduinuuun S|xe-x) OLXOVCIJNNn njqj JXOVQ 













ixb z SMI spBua 
pnoo uoqjSOd-A 
Je aiAX SMI 

PB8}SU| ‘U88J0S 
Snip PUB ‘S8UO 

aiojj indpo aq 
J81B8J6 S| pnoo 
3S .sjsxaidqinuj 
lBJM„ B ‘U88J0S 

o apis p6u am 
v |BuB|S OI-XOVQ 
IB ‘21.9 Sj J81U30 
\ uo uuBsq am p 

iB txova SMI 
ii6ip ©m cn mss 
japdwooojoiw 
3j8X8|d!nnuu am 
8 P8AUOO 60|BUB 
OVaiAIND SMI 


'UMBjp 6u|8q J0JD8A 

am p pBjpBnb aqi samwjaiap l 1 XAO umop jo dn pnoo sjapnoo aqi 
jaqpqM samiujapp OI-XAa sjapnoo am op| A|paj|p papBO| sjb u 
puB OI-XAQ 'Ansuapi LUB8q 8 aub|sj suubs aqi qi|M paAB|dsip aq mis imm 
sqi6ua| pajajjip IQ sjopaA pqi sajnsuj spi uopaA pajjsap am mbjp 

OI 8>)B1 |||M l| IBM! pojjad 8UJj) am J8A0 S|BAJ3P! |B0b8 IB S8S|nd >|00|0 
japnoo jo jaqujnu pajjsap aqi aoBds o; sj saowap asaqi jo uoipuni 
SMI '8 X Pub gp sj8||dmnuu apj op| papBO| S| epp Ajoiuaui 6-OXAO 

UMop jo dn 

pnoo ||!M sjaiunoo aqi jaqiaqM puB aAjaoaj imm sjapnoo aqi saspd 
>po|o Aubuj mom samuwaiap pqi uoiiBiujopi suibiuoo bibp simi 
■( saipjB| BjBp Ajowauu joiBjaua6 joioba am uuojj) u-OXAO Aq pauiui 
-japp s| uopsod pajjno s ujeaq am oi aAjpiaj umbjp aq oj jopaA 
SMI *o (£301 0) o) MlBuai pus (iq6u jo ya| aqi oi) uojpajjp aMi -uaajos 
joipouu aMi uo jopaA b mbjp oi pasn ajnpaoojd aqi sj spi Ansuai 
-u| pajpap aMi qi|M uo pawni s; wsaq 8M1 ‘pawaAouu uiEaq spi BuunQ 
sbm n ajaqM oi aA|}B|aj aouBisip oupads b p6u aqi 0 } jo ipi am oi 
aAOiu oi uuBaq aqi asnBO him spi spnoo io jaqujnu opoads Aub umop 
jo dn pnoo 0} sjapnoo asaqi lomisw osp ubo aupoBW apis aMi 

•saqopi bibp Ajowaw joiBjauaB 
jopaA aqi wcm sjaiunoo aqi opj papBO| sj (w-OXAQ) Jsqmnu nq-su 


Mau b ‘aujji spi iv moi o 6 oi ggotdiSQH sasnso joibji 
‘ sjapnoo aqi op| uopsod mb u s | q i lasaj d o_l uaajos aq 
uioji sau|| papBMun paAajd oi no paujni s| nasq ujb 8< 
Mau spi oi „Bu!dpnf„ S| PBaq aqi S||MM 'pspus jopa, 
ajaqM usqi uopsod 6 uhjbis pajapp b poji jopaA mbl 
‘• a - ! ‘ApnoauBiuBisu! uaajos joipoui aqi uo uoiibooi ms 
oi LUBaq aqi asnBO |||M spi spapoo snowajd jpqi 
pajajlip Apjjiua ub oi sjapnoo asaqi issajd ubo aupoB 

■sAi 

u| sjapnoo asaqi io pnoo Ajbup aqi jai|B oi B}Bp pqi l 
-bo s| uaqi puB ‘Ajouuaui sij ujoji suoponjisu! sapooap i 
jopjauaB jopaA aqi -ApAipadsaj ‘ija| jo p6u aqi oi i 
aqi asnBO him indpo jaqujnu Ajbup spi 6u|SBajoap 
■uaajos aqi jo apis iq6u jbi aqi 6upq gjoi pub uaajos s 
jBj aqi 6upq o qi!M ‘(s|xb x jo) uaajos joipoiu aqi uo un 
-boo | |Bpozuoq aqi spasajdaj pqi jaqujnu Ajbup nq-31 
dn/UMop aqi jo pdino aqi -(oiH P UB 89) ssibB PSPPO 
qoyei ‘(01-3 ‘013/0 ‘01-0) sjaxa|d|i|np ‘(63 Pub 60 ‘60) SJSl 
‘(g>l puB gp) sjandjiinp apj uppoo sjapnoo uoq 
•sjapnoo uoji|sod-x SMI Apo sassnosip uonduosap 
‘ajojajaqi ’simojio iBonuapj omi bjb sjapnoo uomsod-; 


c c c c 

r z. r t. 

h s s 

o o a W 

> y ► > 



- 3qovisnvH 


QO 00 90 W xo 

i .. o/ah 


nn\A 1 


I -b3J-NOOO 

Ifcisi 

- K/W 5 o 
1 a O 9 Q~l 




ll t\ ii 111 

ao 

C di'a H/Q - — 

, 'd3i-NHOT s 

- w Iv* 6 0 «) 0— 

1 a o 9 v l » 
b| 011 II Ski tiy 


L\°>\ l\ ll^lj 
a© 30 «c vo >0 
: jiu o/o — 

l » 3XNOOO ^ 
I4IS1 

- H/w 6 3 o— 

' 1 0 0 q * on I fr 
6] oil it sri 11 V 


OtH'JtQ — A' 2 

^ iS(S "I S' — 

ora — 

4X0>TQ^ to* 2L 


M <V^ * - 
- 

K4 0VQ - 

HQlA> - 

« - 



>0 

9 + 

a> - 

er» 



9 i 

° u 4 



[V] 


* Q1AX 
-e\X7va 

wno- 

- Q1A k 

- fJWTvQ 1XTYQ- 


X jLXO>TQ - 

MSXD>VQ- 

-X \ X-3VQ - 


. 9 x 

. uwc 

- a- 

- 


A! 

VI 

x-invs 



vv 

AV 


9V 


yz 

Al 



gz 

C'3/a 

Ac 

y^ 


TO 



- 5V>Va^tNA 

— Tnovonwn 


* 2 X”tOV1 V p 

. . ixyw ® 7" 


I S INI 0 

oiUTiUTTr 


AirvO 

ro*23BA 10 - 


4o0 ash 

L, 


a 0 v 

^ 1)1 A 


-*>L Q L - 
-ov an- 
r ®s as 1 






l>^yO-HAe 


- nova*Nn 
— ^loyq^NQ 



Alr\Q 9t>d io - 


a>m L 

r*°S8” — 

♦V'S- 


S931NnOO NOIllSOd-A QNV X 




- 5T jco''o SV J~2 

ZO 


\i\i 1? 


r° Md 00 




oiejauaB a;e;s am 
saqjuo Buueadde 
iieaq am ‘uomsod 
djoba snojAajd am 
AAdU B 6U|AAejp JOJ 
>| AA3U B OJ ..dliinf,, 
jam ujoj; Jaqujnu 
jqoBiu ajBjs am 
•sAbm oaa; ;o auo 
Bqj 6u|sn ;o aiqBd 
aap auiqoBui ajBjs 
. Ol 3AOUU oj LUBaq 
oap jo Bu!SB3Jou| 
jos am jo apis ;;a| 

0 ujBaq am jo uoq 
\q-Zl b s| sjajunoo 

BjOOSSB PUB ‘(0 Ld) 

1 sjajunoo dn/uAAop 
uoq|sod-x aqi 
osap Buiaaoiioj aq; 
sod-A pub -x am 


sja;unoo aq; o;m papeoi pue jo;ob; aieos am o; 
pappe sj sim "93 japooap Aq papooap aje ; ;aAO P ub l- l-XAO s|bu 6|S 
BjBp PUB aao| sao 6 1/MflNVHdlV ‘q 6 |q ||B bjb s|bu6is ygiAlll il 

amqoBuu ajBjs am ;o doi;-d||; 00 
am sjb 3|0 puB mo| saoB dOlS 9UJ P Sjq; ;v > 201 - i° q^6ua| wnimxBiu 
b Sj ;unoo smi qunoo uununxBiu j|aq; qosaj ||B sja;unoo am iqun 
;unoo papaoi aq; uuoj; ;unoo sja;unoo aq; ‘mo| sao6 qq uaq/\/\ sja 
-;unoo aq; ;o auo o;u| aaoi papooap aq; spBO| puB urns aq; sapooap 
A|;oaj;p 93 japooap ‘q6jq ||B ;nq a;B;s Aub bjb s;ndm ea3lAlll 
njq; 0U3WI1 Jl 'S|bu6|s jaiuu jno; aq; o; qi/\| uj pappB Sj qoiq/v\ 
jo;ob; 9 |bos b sure;uoo giM 90 pub ‘90 ‘gg SJa;unoo pub ‘qiai Japps 
‘9IAI qo;e| ‘93 Japooap ‘93 jaxaidmniu ;o s;sjsuoo jauui; jo;oaA aqi 

■aouanbas papua;m s;i u; a;B;s 
;xau aq; o; aouBAps 0; amqoBuu a;B;s aq; 6u!mo||b ‘aao| saoB dOlS 
‘uaabjp uaaq SBq jo;o 3 a aq; sb uoos sv ‘pa;a|diuoo S| uaabjp Bmaq 
A|;uajjno jo;o3a aq; n;un b;b;s ;xau s;i o; 6upubapb ujoj; auiqoBW 
3;b;s jo;Bjaua6-Jo;oaA aq; s;uaAajd sjqi 'qBjg sj dOlS ‘Jo;oaA aq; 
6ujMBjp A||Bn;oB ajB sja;unoo uomsod-A pub -x aqi uaqAA |BAja;m 
aq; 6uuno *AB|dsjp joquouu aq; uo jo;o 3 a |Bn;oB ub ..aabjp,, o; sa>|B; 
;j aiui; ;o q;6ua| aq; ;no awn o; sj jaim; jo;o3a aq; ;o asodjnd aqi 




U3INI1 H0103A 





V ®P!S z 199MS 


•146m sao6 1AI3IAIA 

Uiun 146114 sAe 4 s pue 146114 S0o6 go 40401 01 jndu! >po|o 0141 0041 
(mo| S0o6 I/M31AIA ueqM) sauoujauj lAIOd J0 lAIVd J °P® A 0144 
6u|SS0jppB S! J04nduuooojo!uu 044 ss0|un gQ 40401 s>po|o |Bu6|s 
0qi •j04nduuooojo!uu 044 40 ndlAI 904 >|0O|0 °* P 9sn ^ 0U9nb 
-0J4 3uuBS 044 S| Sim J04ndaiooojo!uu 044 UJOJ4 |Bu6|s >|oo|0 
zhi/\| 5 4 p0J044nq B s| AJ4m0J|0 >|00|0 044 04 4ndO| >JOOA 9M1 

UMBjp U00q SBq JO4O0A 044 SUB8UJ S!41 ‘14614 S0o6 
00 pus qunoo uunaiixBuu S4! paqoaaj ssq J9Ui|4 J0408A 344 ‘6V 
q6no444 pa>|00|0 Sj dOlS QQMAA S|Bu 6!S .09 P^e 09 ‘09 9 M» 
UJOJ4 04BJ3do 04 u;60q sj34unoo uomsod-A pue -x puB jaujq -104 
-03A 944 ‘6V q6noj44 pa>|00|0 s| gqOdlSOO M °l B U9 MAA P 9 H B 4 

s\ 0U!l|OBUJ 0}BIS 9l|l U9L|M 9Aj}0B \0U 9JB SJ9lUnOO UOjllSOd PUB 

J0UU4 JO4O0A 044 4B44 ©jnsu© 04 s4nd4no 044 S4as 6V dO|4* d !l4 09 
04 4ridu| nvH 9L I1 J0408A b 6 u|mbjp ApAqoB mo 4 s| JO40J9ua6 
j04oaA aqTliip lAIOd 9L U ll®l P UB sje4unoo uomsod a Pue 
X 944 pue J9ujj4 J0409A 044 3|qeu9 pus pBO| S|bu 6|S 09 ®M1 

■uo|4BJ8do 0U14OBUJ 9494s eujpuadsns pus ‘6V don-djii i"i\/H 
044 6 u| 449S ‘ ggodisnVH aaoi b s4nd4no 41 ‘uo!4oru4su! X~IYH 

e J04 9p00 UO|4BJ9dO 944 S9A|909J 0U|4OBUJ 9494s 944 U94M 
•g UO!4BOO| Ajouuaui J0409A 49 6o|4JB4S l suo!4onJ4SU! 6u|4no 

-axe eui6aq mou 94140001 9404s 941 ' M °l ll B s|bu 6 !s £d3iAlll 

OJ44 oyawil S9>4BUJ S|41 S9404BI 040P J04BJ9496-J0409A 

044 SJB0|O PUB ‘4644 06 04 nVH S9Sn0O 4044 |BU6|S QQVIAiq 
b uj S4|ns9J 4044 ssajppB ub S4nd4no j04ndujooojo!oi 941 


•4nd4no sixb-z 944 04 >4NV~I9 M 0| B u ! s 4|ns9J ‘80 4°4B| q6nojq4 
pa>|00|0 iiVH 0614 044 ‘p94|B4 s| aupoBUJ 9404s 944 uaqAA 440 S| 
ureaq 944 4944 ajnsua 01 ‘uopoaosu! ub J 04 6 u! 4 |bm pub pa4|Bq 
si J04BJ9U96 J0403A 044 4944 J04ndujooojo!ui 044 S||34 spi 
IQQ 0ui| 949 p uo (on xnui/|0S) 4J0d 4ndu| qo4|MS S4! 46nojq4 
|Bu 6 is nvH 4644 044 spB3J j04nduiooojo!ui 041 mo| 40s 
-ajd Sj |0u6js jqvh 044 ‘00106 044 4° dn-ja/wod |B!4!U! 6uuna 

SUO!4BJ9dO 

S41 P040|dojoo SB4 JO4BJ0U06 J0409A 044 4944 lAIOd ®M4 S||04 
ZV 04 4ndu| nvH 941 JO4O0 A 9 6u|aabjp Aquasajd 9JB sj94unoo 
uoqjsod 944 4944 lAIOd ®M4 S||®4 09 l ndu ! IV ssajppB 941 
paoJJ04J9d 4SB| S9M 9404s 40(4AA i/MOd 9l 4l S II®1 80 M°4 B I ^OJJ 
CV nJ44 OV S4nduj sssjppv ‘UJJC^ad 04 suouoaqsu! qojq/iA lAJOd 
044 S1104 go lAJOy °4 4ndu| ssajppB gv roq4 frV 041 auiqoBUJ 
94B4S 944 04 4ndu| apoo-uO!4BJ9do 944 Sj ey3VMIl nj 44 0d3IAIIl 
4ndui 4iq-jnoj gg japooap pub ‘gv 4i»|noJ|0 >|00|0 ‘80 MO40I ‘80 
lAJOd ‘S3 pub 89 S 94B6 4ndu| 40 s4S|Suoo aupoBUJ 9404s 941 

•pUBUJOJOO 4X90 S4! 

J04 6u|4!BAA Sj puB ‘suoi40nJ4SU! 4U9Jjno S41 p949|duJOO S04 4! 4944 
ndlAI 9UJ06 944 1194 04 (g JO !SS9JPP9 AJ0UJ9OJ J0409A SnO|A9jd 
B 04 OJD40J 04 (fr !SS9JPPB AJOOJ9UJ J0409A M9U 0 04 ,,dujnf,, 04 

(8 !AB|dsip J04IU0UJ 944 00 ooqisod Mao b 04 ojBaq jo4|uouj 944 
0aooj 04 (2 ‘J0409AB mbjp 04 (4 :B4Bp S|44 asn pinoqs 4! wioq 90!UJ 
-J949P 04 OOI4BOJJO4OI S!44 sapooap PUB (£-0 J9UJ|1 BjA) B40P lAIOd 
J04BJ9U96-J0409A 944 Sf)B9J 90(40901 94B4S 941 ‘OS Op 04 J94UnOO 
UJBj60Jd J04BJ9U96-J0409A 944 6u|sn ‘Ajooiaoi lAIOd J04BJ9 
-U96-J0409A 944 40 SU0j409S 94BUdOjddB 944 6ujSS9009 Aq SU0I4 
-OnJ4SUI 9S944 4nO SapJBO 41 lAIVd J04BJ9U96 J0409A 944 BjA ‘ndlAI 
00106 944 uiojj suo!4onJ4SU! S9A|909J 41 'AJ4!noj|0 J04BJ9ua6 
-J0409A 944 40 11 J9||OJ4UOO J94SBUJ,, 944 S! auiqOBOJ' 9404s 941 










PROGRAM COUNTER 



TIMER* ' 

bWALt) - 


COUNTER 
i QC 

M/M RIP 


It , 4 

— 

; 3! 5 J 

S 5 3 X 

SSS s 

LLU 

Dt D2, DJ D4 
F3, LSfcTO 
RC6 FILE 

W Jl r- • 

< < < 4 

1 5 5 5 
a a o g 
<444 

L 1 1* L 

Di Dl D 3 04 
H 3 , LSbTO 
Rea file 

*9 r d 

< < 4 < 

5 5 5 5 
a a a a 

< < < < 

[s 1 L L 

Dl Dl D 1 D 4 

T 3 , LSteTO 
REa F ill 

»' fT 



W* 

2 



wO 

t L* 




7 ll 



RD 

OR 

11 




1 

Ol OZ 0304 

Oi 01 03 04-"“ 

Ol Ol 03 04 


- m 5 * 

a a G G 
< < < < 

0 0 0 o 


INSTALL R PS 

ONLY IF L>SIN<2» LSl70‘S 

INSTEAD OF LSfcHO'S 


bv vb 
t>v Y7 
CW Tf 
t>VY4 
D'W V IO 
DV Y M 


d 

2 

!0 

-o 

T q 

5 

J 

4 

v 


T 

>2 

ORvR 

II 

>4 


13 


at oz 
— Ol V,S 




^ iS 

CU CD c tc> 

f i 

p FA oft 

| COAD3 — 



^ counter^ 

LOAD 4 

ca*. 


I « 4 OS 

Lsm 

: oc 

COUNTER 
> Ob 

BOR CAR. 


Lb c ct> 


, COUNTER 
- D Ob - 

SOfc CAR. 

ft 7,r 


TtnEAt- 


Counters F4, H4 and J4 contain the address of the next 
data byte (instruction) to be fetched from the Vector 
Generator memory. Because these counters point to the 
next instruction in memory to be retrieved and performed, 
they are called the program counter. This program count- 
er is incremented one count (to the next sequential ad- 
dress) each time the information at its current address is 
loaded into data latch 0 or data latch 2. 

The program counter may also be preset to “jump” to a 
new address. This new address can be loaded into the 
program counter from the vector generator memory via 
data latches F6 and H6 and buffers H5 and J5. 


The program counter may also be preset to “return” to 
a previous address which it had stored in its “stack”. The 
stack consists of register files F3, H3, & J3, and down/up 
counter K4. The stack is a 4-word 12-bit memory, used to 
save the contents of the pr ogram cou nter for future 
reference. It is loaded when DMAPUSH is low. Imme- 
diately after information is written into the stack, counter 
K4 increments one count. Immediately before loading the 
program counter from the stack, counter K5 decrements 
one count. 
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The address selector consists of multiplexers F2, H2, J2 and K2. When VMEM is low, 
the MPU of the microcompute r gains a ccess to the address inputs of the vector 
generator memory. In this state, BUFFEN is from <t>S and VW (vector generator write) is 
low when <t>2 and R/WB are both low. When VMEM is high, the address input to the vector 
generator memory is from the vector generator program counter and state machine. In 
this state, BUFFER and VW are both held high by the pullup resistors connected to the 
2B and 3B inputs of multiplexer K2. 


Address decoder L2 decodes address bits A1 1 and A12, and selects the RAM or one of 
three ROMs of the vector-generator memory. 


This address-selecting arrangement allows the game MPU to access the vector- 
generator memory, i.e., write data into the vector-generator RAM to instruct the vector 
generator what it should do next. The address selector can then allow the vector- 
generator program counter and state machine to access this same area of RAM also, and 
read what instructions were sent to it by the game MPU. 
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The data latches consist of latch 0 (H6), latch 1 (F6), 
atch 2 (J6), and latch 3 (K6). Inputs DDMAO thru DDMA7 
ire the data outputs from the vector-generator memory. 

Latches 0 thru 2 are directly clocked by the rising edge 
jf the LATCHO, LATCH 1, and LATCH2 outputs from the 
sector generator’s state m achine. Latc h 3 is clocked by 
ATCH 3 or by LATCHO, if ALPHA NUM is low. Latch 0 is 
cleared when RESET, DMAGC, or ALPHANUM goes low. 
_atch 1 is cleared by ALPHANUM. 












